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RA New Adenosine-Independent
Index of Stenosis Severity
Why Would One Assess a Coronary
Stenosis Differently?
We read with interest the paper by Sen et al. (1) proposing a new
adenosine-independent index of stenosis severity. It is suggested
that negating the need for adenosine-induced hyperemia (2) would
increase adoption because of the time savings and reduction in side
effects. This sounds like a straw man argument. The main reasons
not to measure fractional flow reserve (FFR) most often are
financial.
In their paper, the authors present instantaneous wave-free
ratio (iFR) as the equivalent of FFR, that is, the ratio of 2
hyperemic flows proven to be equal to the ratio of 2 hyperemic
pressures. This is definitely not the case. Assuming that the resis-
tance to flow during the wave-free period is equal to the average
resistance during maximal hyperemia neglects the role of the
coronary microvasculature in controlling blood flow. The wave
analysis theory largely explains the flow pattern in the coronary
arteries, but not the absolute level of flow, and should not justify
the calculation of hyperemic flow parameters from nonhyper-
emic pressure measurements. Figure 2 of the Sen et al. (1) paper
clearly illustrates that the resistance during the wave-free period
is markedly higher than the average resistance during hyperemia
and that the resistance during this wave-free period varies with
the degree of vasodilation. These variations continuously occur
in patients in the catheterization laboratory and depend on
heart rate, contractility, pre-load, and afterload. So does iFR.
The main role of hyperemia is to offset all the mechanisms
responsible for the control of myocardial perfusion. Hyperemia
is the wind tunnel of coronary stenoses. Sen et al. (1) suggest a
wind-free wind tunnel. The reality is that without hyperemia,
the force of the wind varies continuously. Of course, some
correlation does exist between iFR and FFR, just as the latter
correlates with the resting Pd/Pa ratio, with resting gradient and
ith hyperemic gradient. Yet, this does not indicate a direct
elationship with myocardial perfusion. The coefficient of de-
ermination, r2  0.808 in Figure 6 of Sen et al. (1), indicates
hat only 80% of iFR variations are explained by the variable
FR. An FFR of 0.60 corresponds to values of iFR ranging
rom 0.40 to 0.90.
In Figure 10 of Sen et al. (1), the lowest values are approxi-
ately 0.07. FFR values below 0.20 do not exist. This further
ndicates that iFR is not equal to FFR, or it is an error. The latter
ption is likely because these data points do not appear at all in
igures 6 or 8 of Sen et al. (1).
It therefore may be advisable to wait for additional validation of
esting indices like iFR before using them for clinical decision
aking about revascularization in individual patients.*Gérard Finet, MD, PhD
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Instantaneous Wave-Free Ratio
and Fractional Flow Reserve:
Close, But Not Close Enough!
We were greatly interested by the study of Sen et al. (1), which
proposes the revolutionary, vasodilator-independent index to as-
sess significance of coronary artery stenosis—instantaneous wave-
free ratio (iFR). The investigators identified a period during a
cardiac cycle when intracoronary resistance is constant and mini-
mal. The pressure ratio across a coronary stenosis during this
period was found to correlate well with the fractional flow reserve
(FFR) value obtained after adenosine administration. Good overall
agreement between iFR and FFR was demonstrated by Bland-
Altman analysis. A cutoff value of iFR of 0.83 corresponding to a
FFR of 0.8 was calculated based on a receiver-operating charac-
teristic (ROC) analysis.
Although the idea of performing pressure-derived stenosis
assessment without pharmacological intervention is brilliant, we do
not think that this work provided enough evidence that iFR
correlates well with FFR from the clinician’s standpoint.
The correlation plot of corresponding individual iFR and FFR
values (Figs. 6 and 8 in Sen et al. [1]) actually showed considerable
variability. For example, for the FFR value of 0.8, the iFR value
ranged widely from 0.6 up to almost 1.0. Similarly, there was a
broad range of FFR values (0.6 to 0.9) corresponding to the
iFR value of 0.83, which was defined as a cutoff value based on
ROC analysis.
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May 22, 2012:1915–8When looking carefully at the Bland-Altman plot (Fig. 10B in
Sen et al. [1]) we notice that: 1) the difference between FFR and
iFR exceeds the clinically tolerable threshold of 5% in more than
half of the measurements; and 2) the agreement between the 2
methods is better for very high, nonsignificant FFR values (0.85)
than for values that indicate hemodynamically significant stenoses.
Therefore, it would be very interesting to see in what percentage of
individual cases disagreement between iFR and FFR would result
in reclassification of stenosis from nonsignificant to significant and
vice versa.
In summary: the investigators should be congratulated for an
excellent innovation and a very elegant study. However, we feel
that based on the data presented, the satisfactory statistical
correlation may not translate into clinical usefulness.
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Instantaneous Wave-Free Ratio
or Fractional Flow Reserve
Without Hyperemia
Novelty or Nonsense?
We read the paper by Sen et al. (1) with great interest. We have a
number of concerns regarding the proposed index, instantaneous
wave-free ratio (iFR). First, the validity of iFR depends on the
assumption that minimum resting myocardial resistance during
diastole is equivalent to the mean resistance during maximum
hyperemia. We believe that this assumption is not correct. Nu-
merous experimental studies performed over the last 4 decades
using true volumetric flow measurement and calculating absolute
resistance have provided incontrovertible proof that blood flow at
rest in a normal coronary artery is very low during systole (because
of the high resistance) and occurs primarily during diastole. During
maximum hyperemia, flow increases during both phases of the
cardiac cycle, but much more so during diastole. Because blood
pressure remains either unchanged or decreases by approximately
10% to 15% (depending on the hyperemic stimulus used), both
systolic and diastolic resistance will fall accordingly. Consequently,
the minimal diastolic resistance at rest (regardless of whether the
entire diastole or the so-called wave-free period is taken) generallyis 50% to 100% higher than the average resistance over the
complete heart cycle during hyperemia (2,3).
For example, in a normal left anterior descending coronary
artery in a human at rest, diastolic flow is approximately 75
ml/min. During maximal hyperemia, flow during the complete
heart cycle increases to 350 ml/min with still 75% to 80% of blood
flow during diastole. Because there are only small changes in blood
pressure or heart rate, the minimum diastolic resistance at rest, is
more than twice as great as the average hyperemic resistance. Close
examination of Figure 2 in the paper by Sen et al. (1) reveals that
the lowest value of resistance during any moment of the heart cycle
at rest is approximately 40% higher than the average resistance at
hyperemia.
These differences may explain why the correlation between iFR
and FFR as presented in Figure 8 of the paper by Sen et al. (1) is
weak. For a given FFR value of 0.60, iFR values range between 0.4
and 0.9. This is obscured in the Bland-Altmann diagram by the
extreme compression of the vertical axis. Certainly, in a mild
stenosis with minimal gradient during rest or hyperemia, as a
matter of fact, all indexes are equal, and the correlation between
iFR and fractional flow reserve (FFR) is excellent. The same is true
for severe stenosis where vasodilator reserve is exhausted and no
additional changes in resistance can occur. However, in the
clinically relevant range of FFR between 0.60 and 0.90, the
correlation between iFR and FFR is rather poor. In addition,
taking a threshold value of 0.83 is based on retrospective receiver-
operating characteristic curve analysis and reflects the systematic
overestimation of true FFR by iFR, rather than, as suggested, any
issue related to physiological reproducibility.
Second, it is unclear why the wave intensity analysis theory is
introduced to justify the use of iFR. In practice, iFR is calculated
simply as the ratio of mean distal coronary pressure to mean aortic
pressure during a predefined fixed part of diastole. There does not
seem to be any instantaneous component to the index. We do not
understand why the differential equation in the paper by Sen
et al. (1) is necessary to define iFR.
Finally, we have calculated iFR in a large number of FFR
tracings with appropriate resting and hyperemic pressure record-
ings obtained in our laboratories during the last few months (n 
555). We have found a weak correlation with a diagnostic accuracy
of 69% for all data and 60% in the relevant FFR range between
0.60 and 0.90. Moreover, even larger differences were found
between iFR at rest and iFR at hyperemia, despite the fact that by
definition, iFR should be independent of hyperemia. This is
particularly important because true resting conditions are difficult
to obtain during cardiac catheterization (4,5).
Have we overlooked something or done anything wrong? More
specifically, is there a correction factor used by the authors in their
algorithm not reported in the article? We are in favor of introduc-
ing new mechanisms for facilitating the application of coronary
physiology to guide procedures in the cardiac catheterization
laboratory. However, we urge caution before applying a new index
routinely in clinical practice until it can be understood adequately
and validated prospectively in larger and more diverse groups of
patients.
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